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ABSTRACT 

Crustal Evolution Education Project (CEEP) .module's 
were designed to: (1) provide students with the methods and tesii^ts 
of continuing investigations into the composition, history, and 
processes of the earth 1 s^ cr&st and the application of this knowledge 
to man's activities and (2) to be used by teachers with little or no 
previous background in the modern theories of sea-floor spreading, 
continental drift/? and plate tectonics. Each module consists of two 
booklets: a teacher 1 ^ guide and student investigation. The teacher's 
guide contains all of the information present in the student 
investigation booklet as well' as: (1) a general introduction; (2) > 
prerequisite student background; (3) objectives; (4) list of required 
materials; (5) background information; (6) suggested approach; (7) 
procedure, recommending two 45-minute* class periods; (8) summary 
questions (with answers); (9) extension activities; and (10) list of 
references. Designed for independent work, this activity serves as an 
introduction to heat flow (movement ' from a point of higher to lower 
concentration), focusing on pattern of flow distribution in tocks of 
northeast Pacific Qcean and the relationship between heat flow and 
age of the ocean crust. Skills fostered include interpreting data 
from a map, plotting a graph, and making interpretations based on the 
graph. ( JN) > ^ 
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NAGT Crustai Evolution 

Edward C* Stoever, Jr., 

Welcome to the exciting world of current research 
into - n e composition nistory and processes of the 
earin s crust and the application of this.knowledge 
t j rn an s activities The earth sciences are 
Currently Experiencing a dramatic revolution in 
o.*r understanding of the way in wnich the earth 
A'orks CEEP modules are designed to bring into 
*ne classroom the methods and results of these 
continuing investigations The Crustai Evolution 
Ea .cation Project oegan work in 1974 under 
tr, e auspices of the National Association of 
Geoiogy Teacners CEEP materials have*been 
aeveiooed Dy teams of science educators 
o^ssroom teachers and scientists Prior ro 
z i^'ica^on. the materials were field tested by 
~- v~ 200 teacners and over 12 000 students 
C if '*?/■•• costal evolution research is a breaking 
s'or/ tna r s f jOe^ts a^e living througn today 



Education Project* 

Project Director 

leathers and students alike have a unique 
opportunity through CEEP modules to share in the 
unfolding of tnese educationally important and 
exciting-advances CEEP modules are designed 
to provide students with appealing firsthand . 
investigative experiences with concepts which are 
at or close to the frontiers of scientific inquiry into 
Diate tectonics Furthermore the C£EP modules 
arp designed to be used by teachers with liUie or 
n o previous background in the modern theories 
of sea-floor spreading continental drift and plate 
--ctonics * 

We Know* that you will enjoy using CEEP 
modules m your classroom Read off and be 
nrppared to experience a renewed entnusiasm for 
i^ac^mg as you learn more about tne livmg= earth 
> r mis -i r ">d otne r CEEP modules 



About CEEP Modules 



jles qonsist of tj/p DooK'ets a 



Teac h e r s C^jtcTe ana a Student investigation The 
T eace r s Gu-oe contains ail tne information 
-"..stations m t n e Stucen? Investigation 
c -s sec*. ons printed m color intended only for the 
'-ac^er as wei as answers to the questions tnat 
3 r e , r c ided -n t~e SiJdent investigation 
j-» SO r-, e n- Q rj u ses t^ere are illustrations tnat 
^ccea' o^ 1 / t. the Teacners Guide and tnese are 
1es-g^a 1 ed c/ ^g^ r e letters instead of the number 
v- r 4 *e r ce useo <n tn^> Student Investigation 

-o" so^f modu.es maps rulers and otner 
co~^o~ c^ssroom m a?ena!s are needed ana in 



,af/mq quant, ties according to tne methot!<of 
presentation Peaa o^er the module before 
sonpouii r g its use m c'ass ana refer to tne list of 
MATERIALS m t^e module ' 

Eacn m^rju'e-js individual and self-contained in 
content nut so^e are divided mto two 'or more 
ra r ts *or convenieacej The ^ecommendea length 



!re f o r eacn module is indicated # Some modules 
;u r»- o r erequisite knowledge of some aspects 
•>asiceartn saerK>~ j tnis is noted in tne 
3ui 



"r^e ^ateriai v^as prepared with the - ' ♦ t * 
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How Does Heat Flow Vary . 

In The Ocean Floor? r i 



INTRODUCTION 

In this activity the students study the pattern of 
heat, flow distribution in the rocks of the northeast 
Pacific Ocean and the relation between heat 
flow and age of the ocean crust. This is an exercise 
in interpreting data from a map, ploMing a 
graph, and 'making inferences based on the 
graph. . * 

Did you "ever think that heat is coming from the 
floor of the ocean? Scientists have found that the 
heat flowing from the flpor of the ocean i^not 
the same everywhere Scientists have found areas 
of ocean floor that have much greater heat flow 
than other places They have discovered interest- 
ing patterns of-high and low heat flow on the 
ocean floor 

* > 

Heat always travels or "flows" from a point of 
higher to lower temperature This phenomenon 
has been called-heat flow; To understand this, * 
think 6*f water flowing down a slope, throggh % 
a channel with a cross section of one square meter 
in area. The "water flow" is the amount of water 
going through the one sqaare-meter channel 
each second The amount of heat'flowing through 
a square centimeter area each second is the heat 
>flow Heat is flowing Qut of the earth to the bottom 
of the oCean somewhat like water flows in a 
stream. 

PREREQUISITE STUDENT BACKGROUND 

This activity is intended to serve as an intro- 
duction to heat flow. No^ackground knowledge 
about heat flow is necessary and none is assumed, 

Students are expected to Complete a graph and , 
shouW know techniques of graphing, including 
drawing a smooth curve as,a "best fit" line. 



If there is a difference in temperature*between 
any two points being measured, heat will flow fro 
the point of higher temperature to the point of 
.lower temperature The greater the difference m 
temperature, the higher the rate of heat flow 

*A,heat probe is an instrument that is lowered 
from a ship to measure heat flow m the ocean 
crust Heat flow values are written as- micro- 
calpries 'per square centimeter per second 
Oi&l/cm 2 /sec ') That is the amount of heat 
measured in calories passing through one 
square centimeter each second 

In this activity you will investigate heat flow 
patterns in the northeast Pacific Ocean . 



OBJECTIVES 

» 

After you have completed this activity, you should 
be able to: # 

1. Estimate the rateat which heat is flowing out 
-of any part of the ocean floor in the northeast 
Pa'cfftc Ocean ^ 

, 2. Estimate the rate at which heat flows out of 
any ocean floor of a particular age, > 

3. Estimate the- age of ocean crust using heat flow 
measurements. ^ * 

4. Make a hypothesis about the relationship r 
between heat flow and age of the ocean crust. 

MATERIALS 

Pencils 

'Metric rulers— one for each student 



BACKGROUND INFORMATION 

Heat flow measurements require measurements 
at two depths, a known distance apart, 'and 
determina^on ot the thermal conductivity 
(elfici€^cy i in conducting heat) of the rpaterial 
between *hose points. The rate of heat flow 
through the ocean floor is the product of * em - 
perature gradient and thermal conductivity. 

The temperature gradient is measured by forcing 
a heat probe containing two temperature sensors 
(one near the bottom of the probe and the other 
near the top) into the sediments on the ocean 
floor. Temperature readings are transmitted to * 
recording devices inside a water-tight, pressure- 
resistant chamber at the upper end of the heat 
probe. Thermal conductivity is measured on 
sediment core samples collected at the same time 
with a coring device. 

Heat flow values through ocean floi^ rpcks are 
nearly identical to those of the continents. This is 
an unexpected result. Continental rocks have 
three times more radioactive elements (which 
decay and produce heat) Jhan oceanic rocks. Heat 
flow in continental rocks should be about three 
times greater (han that of oceanic rocks. 



Heat flow along the ajus of the mid-ocean ridge 
system was found to be-significantly higher than 
elsewhere in the oce*an. Most scientists have 
concluded that material must be rising through 
the mantle in the form of a convection current, 
carrying heat with it. (The sea-floor spreading 
hypothesis states that molten material from the 
mantle rises to the surface at the mid-ocean 
ridge system.) If the heat under the oceans is 
/ brought up by rising convecticyn currents, there 
should be corresponding regions of low heat flow 
in places where the material is sinking, such as 
at trenches. 

The convecflon current hypothesis is not as 
widely accepted as the sea-floor spreading 
hypothesis. Principal objections are geophysical 
and are based on scale. Some geophysicists think 
that convection currents of the size required by 
the model are not possible in the thin upper 
mantle region. Resolution of the "convection 
current problem" awaits results of current 
intensjve research. 



Figure A shows the relationship that heatflow 
decreases with increasing distance from spreading 
centers. Remember that age of the ocean floor 
increases with distance from the ridges. 

Scientists have studied the variations of ocean- 
floor heat flow and found that it decreases sys- 
tematically with increasing age,of the ocean floor 
away from ridges. That notion forms the basis 
of this student investigation. 

A good, historical treatment of heat flow 
investigations can be fotind in Sullivan (1974). 
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Figure A. Heat flow decreases with iritreasing 
distance from a spreading center. (After Sclater 
and Francheteau, Geophysical Journal of the 
RoyarAstroriomical Society, 1970, vol. 20, 
pp. 509-42, Figure 17, with permission from 
Blackwells Scientific Publications, Ltd.) 



SUGGESTED APPROACH ' 
This activity is designed to allow students to 
work independently. A group discussion of results 
would be beneficial, with particular attention 
to interpretation of the graph. 

Make* sure students understand how to complete 
a graph. Discuss how \o make a smooth curve 
"best fit" line rather than "connecting the dots." 



It is suggested that you evaluate the students^ 
progress and answers to the questions during 
the* work on the activity. 
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PROCEDURE 

The students will interpret heat flow data shown j 
on the rrjap. 

Key words: heaj flow, heat probe, isochron, 
spreading center 

Time required: two 45-minute periods 

Material^: pencil and metric ruler • ' 

• 

In this activity you are going to investigate the 
pattern of heat flow in part of the northeast . * 
Pacific Ocean. 

Fjgure 1 is a map of part of the Pacific Ocean floor. 
The map shows individual heat flow measure- 
ments (numbers are next to points wh#re heat, 
flow measurements were taken) The map also 
shows isochrons (i$o meaning same; chron 
meaning age). Isochrons are'lmes of equal age. 



The ocean floor along an isochron is the same age. 
The -number on each isochrtfn is the eftje of the 
ocean crust in millions of years Nolice that the 
isochrons are offset at certain places. 

Notice the heavy line on the right side of the map. 
This line represents a spreading center (a regiorw 
where new ocean crust material is being added 
to the present ©cean crus*). 
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uj the northeast Pacific Q^ean. 



4. Use the data in Table 1 to complete the graph 
of heat flow units and age of ocean (Jrust on the 
Worksheet. Mark your graph where each heat flow 
^ value matches the age of the ocean floor. The 
first three points are already plotted for you. 

5: Conhect the points you have plotted on the « 
Vyorksheet with a smooth curvei. (Do not connect* 
each point on the graph. Draw a line which Is 
the "average" of all the points.) Compare your 
graph io the graph your teacher will show you. Is 
your gr^ph different? How do you explain any 
differences you observe? Describe the relationship 
between heat flow and the age of ocean floor. 
Prepare £ transparency of the Answer Sheet 
rind clfecwss with the class as a group. 

« Student graphs shcCuld show the general shape 
of the curve. Individual points may vary and 
probably result from variations In interpolating 
* age of the ocean floor. In any case, the curve (best 
fit linef shouldlllustrate the general pattern: 
heat flow decreases with increasing age of the 
oceag floor. 



Table 1. 
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4. Use the data in Table 1 to complete the graph 
of heat flow units and age of ocean (Jrust on the 
Worksheet. Mark your gfaph where each heat flow 
value matches the age of the ocean floor, The 
first three points are already plotted for you. 

5: Conhect the points you have plotted on the • / 
Worksheet with a smooth curvei. (Do not connect^ * 
each point on the graph. Draw a line which is 
the "average" of all the points.) Compare your 
graph to the graph your teacher will show you. Is 
your gr^ph different? How do you explain any 
differences you observe? Describe the relationship 
between heat flow and the age of ocean floor. 
Prepare a transparency of the Answer Sheet 
rind^fet^iss with the dass as a group. 

Student graphs shduld show the general shape 
of the curve. Individual points may vary and % 
probably result from variations in interpolating 
age of the ocean floor. In any case, the curve (best 
fit linef should'illustrate the general pattern: 
heat flow decreases with increasing age of the 
oceag floor. 



Table 1. 

Heat flow values and estimated age of ocean ( crust. 
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Value 
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SUMMARY QUESTIONS 

1. Describe the general pattern of heat flow 

values with increasing age of the ocean floor. ' * N 

Heat flow decreases as age of the ocean floor 
increases. ' ' # » 

2. Why do ocean ridges have greater heat flow 
values than other areas'of the ocqan floor? 

Spreading centers, such as the Mid-Atlantic • ' 

Ridge and the East Pacific Rise, are places where v 
material from the earth's upper mantle reaches 
the surface. Measurements of the earth's thermal 

gradient indicate the temperature of the rock v 
material in the mantle is hotter than at the surface, ' * 
tft&s contributing tp higher heat flow values. 

$. Remember that the 0 million-year isochron 

is a spreading center. Can you suggest a/eas.on 1 
why heat,flow decreases as the sea floor gets 
older? f ^ 

The heat flow values decrease's time increases. « , . 

The older rocks have existed a longer Jtime, giving I 
up 'their heat. Consequently, older ocean crus4 

tends to have lower heat flow values/ . *~ » 

• * * 

The behavior of heat flow with age has been 

described mathematically (see Figure A) and # ^ 

vindicated experimentally. 

REFERENCE ^^ ^^^ ^^^ ^m^ ^^^^^ ^^^^^^ ^^^^^-^^ 

Sullivan, W., 1974, Continents in motion. New York, 1 
. McGraw-Hill Book Company, p. 61-68. 




NAGT Crustal Evolution 
Education Project Modules 

CEEP Modules are listed here m alphabetical 
order ,Each Module is designed for use in 
the number of class periods indicated For 
suggested sequences of CEEP Modules to 
covef specific topics and for correlation 
of CEEP Modules to standard earth science 
textbooks, consult Ward's descriptive - 
literature on CEEP The Catalog (lumbers 
shown here refer to the CLASS PACK 
of each Module consisting of a Teachers 
Guide and 30 copies of the Student 
Investigation See Ward's descriptive 
literature for alternate order quantities 



CEEP Module 



Class CLASS PACK 
Period* Catalog No. 



Cop/right 1979 Except for the rights to 
r^tenais reserved by'o^hefS the 
OuDh^hPf and the copyright Owoer hereby 
^rant permission without charge to 
rio^estic persons of the U S and Canada 
for us* of this Work and related materials 
^ ?ho English iaNguage in the U S and 
Canada ^Mer 1985 For conditions'of use 
%nr} permission to use the Work or any part 
thprr-nf for foreign publications or 
oiibhcations m other tban the English 
language apply to tne copyright owner or 
p»ibi»sfopr * 
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\ INTRODUCTION » 

N Did you ever think that heat is coming from tlje 
floor of/the ocean'? Scientists have found that the 
heat flowing Vom the floor of #ie ocean is not 
the same everywhere Scientists have found areas 
of ocean floor th^Thave much greater heat flow 
than other places They have discovered interest- 
ing patterns of high and low heat fltfw'on the 
ocean floor , . ' 

Heat always travels or "flows" from a point of 
higher to lower temperature Tttis phenomenon 
has been called heat flow. To understand this, 
think of water flowing down a slope, through 
a channel with a cross section of one squaremeter 
in area The "water flow" is the amount of water 
igomg through the one square-meter channel, 
each second' The amount of h^at flowing thfaWh 
a a square centimeter area eacfi second is the he&t 
flow Heat is flowing out of the earth to the bottom 
of the ocean somewhat like water flows in a 
stream. 



If there is a difference in temperature- between 
any two points being measured, heat will flow from 
the point of higher temperature to the point of 
lower temperature The greater the difference in 
temperature, the higher the rate of heat flow 

A heat pro£e is an instrument that is lowered 
from a ship to measure heat flow in the ocean 
crust Heat flow-values are written as micro- 
calones per square centimeter per second 
(/ucal/cm ? /sec 1 ) That is the amount of 
heat meafur&d in calories passing through one, 
square 'centimeter each second 



In this activity you will investigate htet 
patterns in the northeast PacificO^an 



flow. 
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OBJECTIVES »Bff»;Sfgiy^ 

After you have completed this activity, you should „ 
be able to. ' « > 

1. Estimate the rate at which heat is flowing out ^ ~~ 
of any part of the ocean floor in the northeast 14 

Pacific Ocean 

2. Estimate the rate at which heat flows out of t » 
any ocean floor of a particular age / 

3. Estimate the age of ocean crust using heat flow 
measurements. ' V 

4. .Make a hypothesis about the relationship 
between heat flow and age of the ocean crust. 
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PROCEDURE ^ 

Materials pencil and metric ruter 



In this activity you are going to investigate the 
pattern of heat flow in part of the northeast 
Pacific Ocean 

Figure 1 is-a map of part of the Pacific Ocean floor 
The map shows individual fyeat flow measure- 
ments (numbers are next to points where heat 
flow measurements were taken). The map also 
shows isochrons (/so meaning same; chron 
meaning age) Isochrons are hnes of equal age 
The ocean floor along an isochron is the sarne age. 
The number on each isochron is the age of the 
ocean crust in millions of years Nofice that the 
tsochHj£)n§ are offset at certain places. 

Notice the heavy line on the right side of the map 
This line represents a spreading center (a region 
>here new ocean crust material is being added 
io the present ocean crust) 



1. What is the age of the ocean floor along the 
line where spreading occurs 9 



There are two to five hea^t flow measurements 
between each pair of isochrons. Notice that the 
heat flow values are usually oot exactly on an 
isochron You will have to estimate the°age of the. 
ocean ff&or where each heat flow. value was 
measured 

*2. If a heat flow value is located exactly between 
isochron 10 (10 million years old) and isochron. 
20 (20 million years old), how old is the floor of the 
ocean at that point? - * 
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3. Determine the age of the ocean floor ■for each 
heat flow point shown in Figure t. You may want 
to.use a ruler to get the best estimate. Enter 
the estimated age in Table 1 next to the matching 
heat flow value 
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► Figure 1. Map of heat flow values in the northeast Pacific Ocean 
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<L Use the data in Table 1 to complete the graph 
of heat flow units 'and age pf ocean crust on the 
Worksheet Mark your graph where each heat flow , 
, value matches the age of the ocean floor The' 
fifst three points are already plotted forf^ou 

• :5. Connect the points you have plotted on the 
•Worksheet with a smooth curve. (Do not connect 
each,pomt on the graph. Draw'a line which is 
*the ."average" of all the points ) Compare your 
graph to the graph* your teacher, will show you. Is 
your graph different 7 How do you explain any 
differei^Sgs^oi/ observe? Describe the relationship 
between heat flow and the <age of ocean floor. 
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Table 1 

Heat flow values and estimated age of ocean crust 

Isochron Heat Flow Estimated Age 
^umbers Value * 0/ Ocean Crust 



0-10 



2.9 



6 million years 





35 


9 m.y 




3 16 


6 m.y 




2 7 


m y 


10-20 


23 


m y. 




1 95 


m y. 




24 


m y 




21 


m y. 


20-30 


1 27 


m.y 




1 4 


m y„ 




1 60 


m y. 


•30-40 


.1 66 


nr/y 




1 15 


m y 


40-50 


1 6 


m.y. 




13, v 


m y 




1 0 


m,y 


50-60 


•1 19 


m.y 




1 23 


m y 


60-75 


09 


m y 




1 07 


m y 




1 ,08 


m y 


75-90 


07 , 


m.y 




1 06 


m y 


90-115 


0 71 


* m.y 




0 88 


my *** 
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SUMMARY QUESTIONS 

1. Describe the general pattern of heat.flow 
values with increasing age of the ocean floor. 



3. Remember that the 0 milliorhyeansochroh 
is a spreading center Can you v suggest a reasc 
why neat flow decreases as the sea floor getsf 
older? % J 



2. Why do ocean wdgei have greater heaHlow 
values than^other areas of the ocean floor? 
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